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– Two objects were touched together, the objects 
became spontaneously charged.




• Dr. Wang, Georgia Institute of Technology
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Introduction
• Significantly high driving force is required by 
solid to solid contact
– Low energy conversion efficiency
• Liquid to solid contact
– Minimize the air gaps at the interface




• Utilize water drops that alternate contacts 
between CYTOP and PTFE thin films to 
provide high initial charge.
• More effective than existing methods 
because the proposed method utilizes the 
charges in water drops.




• Qc is transferred to or removed from the drop 
when it moves from one side to the other.
• The water droplet functions as the electrode, and 
the passive switches 
• Water drop volume is 400 ; Ap ≈ Ac ≈ 1.14 cm
2.
• The thicknesses were 6.6 µm and 10 µm for the 
PTFE and CYTOP coatings, respectively.
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Yu et al. Scientific reports 7.1 (2017)
Two hydrophobic regions with similar thicknesses
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• 2.5 Hz by a shaker to mimic human walking
∼40 V from PTFE to CYTOP surface
∼-23.5 V from CYTOP to PTFE surface
Two hydrophobic regions with similar thicknesses
• 0.25 Hz & Manual switch
∼42 V from PTFE to CYTOP surface
∼-34 V from CYTOP to PTFE surface
The corresponding charge was ∼9.5 .
 The asymmetry of the peak values was due to the 
different capacitances associated with the two 
regions.
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Two hydrophobic regions with similar thicknesses
• The amount of induced charge is proportional to the 
contact area. 
• Induced charge : 8.9 /		; energy harvested per 
unit area : 0.36 /	.
• An 8° inclination is sufficient to move across the two-




(Source: Lin et al., Adv. Mater. 26, 2014) 
Source: Yu et al. Scientific reports 7.1 (2017)
• The efficiency is two orders of magnitude higher than that 
of 0.011% reported 
• Utilize the strong electrostatic induction in the water drop 
due to the electrical double layer formed at the interface.
Comparison
• Power consumption 
– MEMS accelerometer: 4  at a 100  output data rate; 20 
n at standby state.
– Analog quartz watch: ~1 
– Retinal implants, cardiac pacemakers, and deep brain 
stimulators: hundreds of n to hundreds of 
• Device Performance
– 900 nW @2.5 Hz (400 )
– Higher contact area
– Higher surface charge density
• External voltage source
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Principle of electrostatic energy harvesting





Enhancing performance using external bias
• The thicknesses of  PTFE and CYTOP coatings were 
0.5 µm (3.99 nF) and 8 µm (0.26 nF) respectively.
• For a 400 µL water drop, the peak voltage reached to 
44 V when Vs=0 V
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Enhancing performance using external bias
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• The voltage reached ∼44 V (0.16 µJ) without external bias. 
• The voltage reached ∼ 115 V (1.12 µJ) with an 8 V voltage bias.
Enhancing performance using external bias
• Without any external bias, the pulse outputs can 
light up 15 green LEDs
• With   8, the pulse outputs can light up 30 
LEDs (10 green, 10 white, and 10 blue LEDs). 
Yu et al. Scientific reports 7.1 (2017)
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Conclusions
• The device performance is enhanced using 
external voltage bias
– 0.16 µJ (0.36 µJ both sides) to 1.12 µJ: 7 times
– Effective for low-level and low-frequency ambient 
vibrations: 3 µW @2.5 Hz (400 µL water)
• However, system complexity is increased
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Future work
• New hydrophobic materials
– Higher charge density
– Higher specific surface area
– Higher dielectric strength
• Power management circuits
• Develop self powered sensors 
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